Objective: Multiple endocrine neoplasia type 1 (MEN1) is a hereditary disease characterized by a high risk of developing primary hyperparathyroidism, duodenopancreatic neuroendocrine tumors, and pituitary tumors (PITs). It is unclear if having MEN1 leads to psychological distress because of fear of disease occurrence (FDO), thereby potentially affecting quality of life.
M ultiple endocrine neoplasia type 1 (MEN1) is a hereditary disease with an autosomal dominant inheritance pattern caused by a germline mutation on chromosome 11q13 (1) . MEN1 is characterized by a lifetime risk of developing primary hyperparathyroidism (pHPT) of almost 100%, a lifetime risk of developing duodenopancreatic neuroendocrine tumors (dpNETs) of .80%, and a lifetime risk of developing pituitary tumors (PITs) of 70% (1) (2) (3) (4) . The mean ages at diagnosis for the three main manifestations, pHPT, dpNET, and PIT, in the Dutch MEN1 population are 36, 41, and 40 years, respectively (5) . Other neoplasms, such as adrenal tumors; neuroendocrine tumors of gastric, bronchial, or thymic origin; skin and subcutaneous tumors; smooth muscle tumors; and, as recently discovered, breast cancer, can occur during the course of the disease (6, 7) . These manifestations cause significant morbidity; dpNETs and thymic neuroendocrine tumors lead to premature death (4, 8, 9) . The average life expectancy in the Dutch MEN1 population is 73 years, which is 10 years shorter than the general Dutch population (4). The young age at which MEN1 mutation carriers are confronted with an MEN1-related disease makes lifelong screening and intensive monitoring indispensable for early tumor detection to prevent morbidity and mortality (10) .
A diagnosis of MEN1 has a considerable impact on an individual and might lead to psychological distress and worry about disease occurrence. Considering the autosomal inheritance pattern, theoretically 50% of family members are MEN1 carriers. For individuals with MEN1, this implies that 50% of their children potentially have MEN1. As with other autosomal-dominant hereditary diseases, the stress caused by MEN1 could extend to fear of disease occurrence (FDO) in family members.
Fear of cancer occurrence has been studied in other hereditary cancer syndromes with the same inheritance pattern as MEN1 (11) (12) (13) . Patients with Von Hippel Lindau (VHL) disease reported frequent concerns about VHLrelated tumors developing in themselves or in a family member with VHL (12) . Moreover, more patients with Li-Fraumeni syndrome expressed greater concern about cancer occurrence in family members than about the chance of developing cancer themselves (11) . The quality of life (QoL) of patients with Li-Fraumeni and VHL syndrome was comparable to an age-and sex-matched reference group from the general population (11) , with the exception that patients with VHL had a significantly lower score for general health (12) . Few studies have addressed QoL in patients with MEN1, and these studies had a limited or selected study population (14, 15) . These limitations reflect the difficulty in performing research in rare tumor syndromes, such as MEN1, which has a prevalence of 3 to 4 per 100,000 (1).
This highlights the need for QoL studies in an unselected MEN1 population with an adequate sample size to assess the impact of MEN1 on patients and to determine whether there is a need for more psychological support.
To address this important aspect for patients with MEN1, the primary aim of this study was to evaluate MEN1-related FDO in patients themselves and for their family members with MEN1. The secondary aim was to assess the association of MEN1-related fear on healthrelated QoL. In addition, we aimed to identify variables that were significantly related to MEN1-related fear.
Methods

Study population
Patients were selected from the Dutch MEN1 study group database. This longitudinal database includes .90% of all Dutch patients with MEN1, aged 16 years and older at the end of 2013, treated at one of the Dutch University Medical Centers between 1990 and 2013. Patients were eligible for the current study if they had a confirmed MEN1 mutation. Demographic and clinical data (e.g., age, sex, and MEN1-related medical history) were retrieved from this database.
Study design
A cross-sectional study was performed from April 2015 to December 2016 in which all eligible patients were invited to complete a questionnaire. After 2 weeks, a reminder e-mail was sent to the participants. The questionnaire could be completed by hand or as a web-based questionnaire.
All patients with MEN1 who participated in the study provided written informed consent.
Questionnaires
Sociodemographic data (e.g., marital status, offspring, education, and employment) were obtained.
MEN1-related fear
MEN1-related fear of FDO was assessed with an eight-item questionnaire adapted from the Cancer Worry Scale (CWS) (16, 17) . The eight items of the CWS are rated on a four-point Likert scale ranging from "never" to "almost always." The total sum score ranges from 8 to 32, with higher scores indicating more frequent worries about cancer. Cronbach a in this study was 0.89. A diagnostic cut-off score of 14 or higher (sensitivity, 77%; specificity, 81%) indicates severe FDO (17) . The CWS has previously been used in different hereditary tumor syndrome populations, which included healthy subjects (noncarriers), mutation carriers with disease manifestations, and mutation carriers at risk. These studies showed that the CWS in these populations is a valid tool with high internal consistency (11) (12) (13) . Five similar questions regarding FDO in family members were added to the original scale. These questions were from the original scale but addressed fear of family members instead of fear of the patients themselves. These additional questions did not affect the outcome of the original FDO score because they were used in a separate analysis. Cronbach a for these additional questions was 0.87, which reflects a high internal consistency of the questions.
Perceived risk
Respondents were asked to report their perceived risk of developing an (additional) tumor compared with that of an "average person in the Dutch population" of their age [item adapted from Lerman et al. (16) ]. Response categories ranged from "lower" to "much higher" on a five-point scale.
Health-related QoL
Health-related QoL was assessed with the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36) composed of eight multi-item scales assessing physical functioning, role limitations due to physical health problems and emotional problems, bodily pain, general health perceptions, vitality, social functioning, and general mental health. Scale scores range from 0 to 100, with higher scores indicating better levels of functioning and well-being. Cronbach a for the SF-36 scales ranged from 0.84 (social functioning) to 0.93 (physical pain). Only general health perception had a low Cronbach a (0.55), which is therefore of low significance.
Statistical analysis
Descriptive statistics were applied to characterize the study population. Univariate analyses (independent sample t test, x 2 test/Fisher exact test, Pearson correlation) were used to evaluate which MEN1-related manifestations and sociodemographic variables were associated with cancer worry and healthrelated QoL.
To compare FDO of the patients for themselves with FDO in first-degree relatives, we performed the Wilcoxon signed rank test. Binary logistic regression was performed to assess the association between low (,14) and high ($14) FDO scores with the eight different SF-36 subscales adjusted for age and sex. A multivariable analysis was carried out using multiple linear regression to assess which patient characteristics were associated with FDO. Collinearity was tested using variance inflation factors. In the linear models, none of the variance inflation factor values was .1.20, suggesting that collinearity was not a problem. Multiple imputation was used for missing data in the CWS.
Analyses were conducted using SPSS 22.0. P values ,0.05 were considered statistically significant.
Results
Response rate
A total of 285 patients (120 men and 165 women) were eligible for inclusion, of whom 252 (102 men and 150 women) received the questionnaire. The questionnaire was completed by 227 individuals [84 (70%) men and 143 (87%) women], resulting in a total response rate of 80% (Fig. 1) .
Sample characteristics
The mean [6 standard deviation (SD)] age of the study population was 47 6 15 years. All patients had a confirmed MEN1 mutation or one or more MEN1-related manifestations and a first-degree relative with MEN1. Eighty-three percent of patients had ever had pHPT. More than half of the patients had ever had a pancreatic neuroendocrine tumor (pNET) (55%), and 38% of patients had ever had a PIT (Table 1) .
FDO
Patients with MEN1 had a mean (6 SD) FDO score of 15.1 6 4.7, which can be considered as a high level of fear, in comparison with other types of cancer (Fig.  2) . The same CWS (consisting of the original eight questions) was used in this comparison with the other cross-sectional studies. A total of 58% of patients with MEN1 had an FDO score $14.
FDO occurrence in relation to QoL
Adjusted for age and sex, the FDO score was significantly associated with all scales of the SF-36. Table 2 shows the mean (SD) SF-36 health-related QoL scores stratified by high or low FDO. Patients with high FDO showed lower QoL on all subscales, except for the physical functioning subscale (P = 0.05), compared with patients with low FDO.
Manifestations and FDO
Patients who had a pNET had a higher FDO than patients without a pNET, with scores of 15.6 6 4.8 and 14.4 6 4.5, respectively (P , 0.01). Having pHPT also led to a slightly higher FDO than never having had pHPT Figure 1 . Flowchart of the study population.
(15.2 6 4.6 vs 14.4 6 5.0, respectively; P = 0.15). Patients with a PIT had more fear than patients without a PIT, with FDO scores of 16.2 6 4.5 and 14.4 6 4.7 (P , 0.01). A total of 41 patients had small incidentalomas (,1 cm) not requiring intervention (medication or surgery), 12 patients had undergone surgery, and 32 patients were on medication (hormonal supplementation because of pituitary insufficiency, dopamine agonists, or somatostatin analogs). The FDO values were 15.9 6 4.4, 15.4 6 4.7, and 17.9 6 4.9, respectively. Patients who were employed had an FDO of 14.8 6 4.3, in comparison with an FDO of 15.6 6 5.4 for unemployed patients (P , 0.01). Presymptomatic patients (e.g., patients who did not have an MEN1-related manifestation at time of diagnosis) had an FDO of 15.5 6 4.7, in comparison with an FDO of 14.7 6 4.6 in nonpresymptomatic patients (P , 0.01). There were no differences in FDO for sex, age, and education level.
Multivariable analysis
In a multivariable analysis including age, sex, pNET, pHPT, PIT, number of MEN1-related manifestations, employment (yes/no), and presymptomatic diagnosis (yes/no), the diagnosis of a PIT, a pNET, and being unemployed were associated with FDO (P , 0.05).
Multiple MEN1 manifestations
An increasing number of manifestations led to more FDO (P = 0.02 for trend). The FDO was lower between respondents without a manifestation (13.8 6 5.4; n = 24) and patients who were already affected by the disease with one or more manifestations (15.2 6 4.6; P , 0.01). Respondents without or with one manifestation had scores of 13.8 6 5.4 and 13.7 6 4.0, respectively. Patients with two or three manifestations had scores of 15.6 6 4.5 and 16.1 6 4.), respectively.
FDO in family members
On five different items of the FDO scale, patients had significantly more fear for their family members than for themselves. However, the effect sizes ranged from 0.10 to 0.22 (Cohen d), which can be considered a small-tomedium effect (Table 3) .
Disease perception and FDO
Respondents were asked whether they believed they had an equal, slightly higher, moderately higher, or severely higher chance of developing an MEN1-related tumor in the next 10 years in comparison with the general Dutch population. Thirty-nine percent of patients responded that they had an equal or slightly higher chance, and 40% considered their chances as being much higher.
Patients who considered themselves to have a severely higher chance had the greatest FDO. Patients who considered themselves to have an equal chance had the lowest FDO (Table 4) .
Discussion
In this study, we focused on FDO in patients and their family members in a large and representative cohort of patients with MEN1. The high FDO that was found in this study can be interpreted as a substantial fear of further implications of the disease. High fear can be characterized as chronic worry, excessive monitoring for signs of disease occurrence, seeking medical reassurance, avoidance of disease reminders, intrusive thoughts and images about occurrence, and difficulties planning for the future (18) (19) (20) (21) (22) (23) .
Patients with high FDO had lower scores on the SF-36 scale, indicating a lower QoL. In addition, an increase in the of number of manifestations of MEN1 was directly correlated to higher FDO scores.
FDO has been derived from fear of cancer recurrence, which has been a topic of increasing interest in recent years (24) (25) (26) (27) . Fear of cancer recurrence has been defined as "fear, worry or concern relating to the possibility that cancer will come back or progress" (28) . Because some patients with MEN1 have not experienced an MEN1 manifestation, "recurrence" was replaced with "occurrence," and "cancer" was replaced with "disease" because pHPT and PITs are not recognized as cancer. The FDO score was high in comparison with other types of cancer. The outcome of 15.1 is comparable with patients with the VHL syndrome (15.6) (12) . Fear in patients with breast cancer, for example, was lower, with an average score of 13.4 (17) . This reflects the major impact of MEN1 because fear in breast cancer patients is generally considered high. Patients with Li-Fraumeni and familial adenomatous polyposis also have lower scores compared with patients with MEN1 (13.9 and 12.4, respectively) (11, 13) (Fig. 2) .
Patients who considered their chance of occurrence of an MEN1-related tumor as comparable with the general population had less FDO than respondents considering themselves as having a severely higher chance. Regarding the high age-related penetrance of the disease, patients with a higher number of manifestations had more FDO.
In this study, the diagnosis of a PIT, pNET, and being unemployed were related to elevated FDO. pNETs lead to the most morbidity and mortality in MEN1, and therefore it seems obvious that patients with a pNET diagnosis have greater FDO (4, 8, (29) (30) (31) . However, it is interesting that patients with a PIT diagnosis have greater FDO because PITs in MEN1 are generally benign and have a slow growth rate. In addition, the majority of patients with PITs are successfully managed by pharmacological treatment or by a watchful waiting strategy (32, 33) . Patients who had an operation in the past had the lowest FDO, whereas patients with a current PIT had greater FDO. This suggests that present disease status is more relevant than past severe pituitary disease. This finding could suggest that patients were not aware of the indolent course of PITs or that the knowledge of having a tumor near their brain is a high burden. Adequate patient information on the expected course of individual MEN1 manifestations is therefore mandatory.
Unemployment was associated with FDO, which is in line with previous research. Employment status in general has proved to be beneficial for health and in particular for mental health (34). Cancer survivors who continued working had better health and QoL than those who were not able to work (35) .
Age was not associated with FDO, although a younger age has been indicated to be a predictor for elevated FDO in other studies (20, 21, 26) . In MEN1 there is an agerelated effect, with young patients with MEN1 generally having fewer manifestations (4). This could explain why young age is not related to high FDO in this cohort. Patients were more worried about their family members than about themselves. This underlines the necessity of an integral familial approach in identifying FDO and in supporting of the family as a whole.
Limitations
A limitation of this study is its cross-sectional design, which did not allow assessing changes of FDO or QoL over time. In hereditary tumor syndromes, FDO could vary over time, and it would be interesting to study the course of FDO in MEN1.
MEN1-related fear was assessed by an adapted CWS that has not been validated in an MEN1 population. However, the CWS has been validated in patients with breast cancer (17) and has been used in other hereditary syndromes with similar inheritance patterns, such as VHL (12), Li-Fraumeni (11), and familial adenomatous polyposis (13) .
Another limitation is that the questions regarding FDO in patients themselves in comparison with their family members have not been validated in other studies. Because there was a trend toward greater FDO for family members, this could be relevant for other hereditary diseases and necessitates further research.
Strengths
All respondents are from the population-based Dutch MEN1 study group database, which consists of .90% of the total Dutch MEN1 population. The high response rate of 80% contributes to the generalizability and validity of the study results, which can be considered a major strength. This response rate is much higher than similar studies (11, 13, 17, 19, 25, 36) . This is the largest MEN1 cohort in which FDO associated with QoL has been studied, which makes the data unique. In accordance with recent findings, only MEN1 mutation-positive patients were included. MEN1 mutation-negative patients have a different phenotype, a different clinical course, and no family members with an MEN1 mutation, and therefore we excluded these patients to prevent heterogeneity (4).
Clinical implications
The high percentage of patients with MEN1 (58%) with a high FDO highlights the need for more attention and support for aspects of fear and worry regarding the disease. This topic has been largely neglected, which is incomprehensible considering the results regarding FDO and its impact on QoL.
MEN1 is a diagnosis that often affects multiple family members, and therefore the high FDO for patients' family members requires that regular follow-up visits include addressing worries about relatives with MEN1-related problems, and psychosocial support should be provided when needed. A study in women with an increased risk of breast cancer who expressed a high level of unmet need in support showed that women were mostly interested in attending a support group where they could participate in discussions and receive more information (37) . Identifying the need for support in patients with MEN1 would be the first step toward interventions to reduce fear and improve QoL, especially because the prevalence rate for high FDO is higher in patients with MEN1 [58%, in comparison with 52% in patients with gastrointestinal stromal tumors (36) , 38% in patients with colorectal tumors (38) , 36% in patients with prostate cancer (25) , and 31% of patients with breast cancer (17)].
A psychological intervention has shown efficacy to reduce fear in patients with curable breast and colorectal cancer and melanoma. Similar interventions could be beneficial for selected patients with MEN1 after gaining more knowledge on FDO and performing evidence-based interventional studies in patients with MEN1 (39) .
In summary, there is high FDO in patients with MEN1, which is associated with a lower QoL. Future studies should focus on interventions that improve QoL and thereby improve care and subsequently the QoL of patients with MEN1. 
